Adherence to treatment is ideally measured using electronic devices monitoring drug intake, combined with measures of drug blood concentrations. The use of validated questionnaire, less costly noninvasive and easily usable in a daily practice, is also common in this area of research. 7 Based on the latter method, studies have shown that age, history of cardiovascular disease (CVD), and social status were positively associated with adherence. 8, 9 Whether sex determines adherence is less clear. A study of 484 treated hypertensive patients using the "6-item Girerd compliance test" showed similar levels of adherence to anti-HTN medication in men and women, 8 whereas another study using the same questionnaire found a better adherence in women. 9 Also, some studies have looked at the association between adherence and the number of tablets. This is important since anti-HTN drugs may be prescribed individually (free-drug combination) or in association as fixed-dose combination (two drugs in the same tablet). In a European study, each increase in the number of anti-HTN medications led to 85% and 77% increase in nonadherence (P < 0.001) in the UK and Czech populations, respectively. Other factors affecting adherence were age, sex, and class of prescribed antihypertensive drugs. 10 Similarly, in a study involving 873 general practitioners' attendants in France, the number of tablets was associated with nonadherence among men only, whereas adherence decreased with increasing number of types of drugs among women. 9 In this context, the objectives of our study were first to identify the factors associated with adherence to anti-HTN treatment and second to examine whether these factors differed across sex.
| ME THODS

| Study population
Data are from the Metascope cross-sectional survey (TNS Healthcare, France). This is based on a panel of 20 000 households, recruited by quota sampling in order to ensure representativeness to the French population. 11 Information was collected by self-administered questionnaires sent by post between June 01, 2015, and July 31, 2015. We included respondents aged 55 years or more (they represent 80% of the treated hypertensive patients in France), who declared being treated for hypertension and who answered the adherence questionnaire. Supplement S1 for original and translated questions). The 6-item Girerd compliance test has been validated using comparisons with cardiologist assessment of adherence 12 and using a medication event monitoring system. 13 The test classifies participants as adherent if they answered "no" to all questions and as nonadherent otherwise.
| Evaluation of adherence
| Explanatory variables
The questionnaire enquired about demographic characteristics, anti-HTN treatment, history of CVD (coronary heart diseases, angina pectoris, peripheral artery disease, and stroke) and of other chronic diseases (arthritis, bronchitis, cancer, depression, visual deficiency).
To describe their anti-HTN regimen, participants choose from a comprehensive list of drugs. We used these answers to determine the number of anti-HTN tablets taken. A fixed-dose combination was counted as one tablet. Answers regarding treatment of diabetes and/or of hypercholesterolemia were used to derive the number of tablets (0, 1, or 2) taken for other metabolic diseases. Answers from questions about contacts with general practitioners (GP) and cardiologists in the last year were combined to derive three categories:
high (≥3 visits to GP and >1 to cardiologist), low (<3 to GP, none to cardiologist), or moderate (all others), level of contact with health care. Patients' financial contribution to the therapy costs was identified with a variable labeled copayment. Most people in France do not pay for care at the point of delivery thanks to a supplementary insurance ("assurance complémentaire") or to the "affection longue durée" scheme for serious diseases. Those were thus classified as "no" for the variable copayment, whereas the minority patients who have to pay upfront for some health care costs were classified as "yes."
| Statistical analysis
We first described subjects' characteristics in the whole sample and among the adherent group, and we replicated this description for each sex. Because all members of the panel did not provide an answer for this survey, we calculated percentages and performed analyses using a weighting factor correcting for nonparticipation and thus maintaining representativeness of the results. We used the Rao-Scott statistics, which is appropriate for weighted data, to test for statistically significant variations in sex or in adherence. 14 In order to identify differences between sexes, we plotted percentages of adherence in each of three age groups (55 to 64, 65 to 79, 80 or more) according to the number of anti-HTN tablets, separately in men and women. We used Poisson regression to estimate associations between adherence and the number of anti-HTN tablets as well as with other characteristics. Since there was evidence of statistical interaction with sex in the relationship between adherence and the number of anti-HTN tablets and between adherence and age, we fitted regression models separately in men and women. We fitted univariate models and then multivariate models using a stepwise forward selection process with a P-value threshold of 5%. The analysis was performed on complete cases only. Results are reported as risk ratios (RR) with 95% confidence intervals (CI). In the context of this cross-sectional study, RR corresponds to prevalence ratio. Statistical analyses were performed with the software R version 3.1.0.
| RE SULTS
Out of 8000 panel members aged 55 years or older, 6379 returned the questionnaire (response rate: 80%). Among respondents, 2814 (44%) were treated for hypertension. Among those, 2743 (95%) answered to the adherence questionnaire and were therefore included in our study ( Figure 1 ).
All percentages presented in the following paragraphs, the tables, and in Figure 2 are weighted to ensure representativeness. Table 1 presents the characteristics of the 2743 patients included in the study. Women represented 51.6% of the total respondents. Around 50% of the patients were 65 to 79 years old. Answers about the number of tablets were missing for 285 patients (10%). The latter did not differ with the rest of the sample with respect to sex and age, but they were more adherent (72% vs 63%, P = 0.002, data not shown). Most patients took one anti-HTN tablet (58.2% vs 31.6% taking two tablets or more). More than a half of the sample (53.9%) also took one tablet or more for metabolic diseases simultaneously with their anti-HTN treatment. About one in four (23.8%) participants declared a history of CVD, but more than two-thirds presented one or more other chronic diseases (68.3%). The majority of participants had regular contacts with GPs and/or cardiologists (intermediate and high contact with health care: 82.7%) and were exempted from copayment (76.3%). Sexes differed with respect to the proportions taking one anti-HTN tablet (61.3% of women vs 54.9% of men), the proportions reporting a history of CVD (16.8% vs 31.2%) and that of reporting at least two other chronic diseases (26.6% vs 16.3%).
Overall, 62.4% of the participants were adherent to anti-HTN treatment ( Table 2 ). Level of adherence was positively associated with age (P < 10 −4 ), but inversely associated with the number of anti-HTN tablets, number of tablets taken for metabolic diseases, history of CVD, number of other chronic diseases, level of contact with health care (all P < 10 −4 ). Copayment was associated with higher adherence (71.0% vs 59.9%, P < 10 −4 ).
Adherence was higher among women (68.1% vs 56.4%, P < 10 −4 ).
The inverse associations previously reported in the whole sample between adherence and age, number of anti-HTN tablets, number of tablets taken for metabolic diseases, history of CVD, number of other chronic diseases, level of contact with health care were statistically significant for both sexes. However, the inverse association between adherence and the number of anti-HTN tablets differed between men and women. As illustrated in Figure 2 , adherence in men decreased sharply and gradually as the number of tablets anti-HTN increased, with an exception of the change from 2 to 3 or more tablets in the 65-80 years age group. Tests for linear trends in all the three age groups for men were all statistically significant (all P < 10 −4 ). In women, adherence remained at a high level when taking one or two tablets and decreased only among those taking three or more anti-HTN tablets. Linear trend was statistically significant only in the 65-to 80-year age group. This sex difference regarding the relationship between adherence and the number of anti-HTN tablets was statistically significant (test for interaction P < 10 −4 ).
The inverse relationship between the number of anti-HTN tablets and adherence was confirmed in multivariate analysis with specific patterns for each sex (Table 3) . Adherence dipped by nearly 30% among women taking three or more anti-HTN tablets (RR 3+ vs 1 = 0.72, 95% CI = [0.58; 0.90]), whereas it gradually decreased with increasing number of tablets among men (RR 2 vs 1 = 0.74, 95% CI = [0.65; 0.85]; RR 3+ vs 1 = 0.57, 95% CI = [0.45; 0.72]). The pattern of decreasing adherence to anti-HTN treatment when taking two or more tablets for other metabolic diseases was also confirmed. Age, history of CVD, and number of other chronic 
| D ISCUSS I ON
We aimed to identify determinants of adherence to anti-HTN treatments in a representative sample of the French population aged more than 55 and to study these determinants across sexes.
Our results suggest that adherence increases with age, is higher among women, and decreases with the number of anti-HTN tablets. An original finding is the sex difference in the threshold of the number of anti-HTN tablets when adherence drops. Specifically, adherence decreased gradually for each additional tablet in men, whereas in women, adherence only dropped when taking three or more tablets.
Other studies have shown poorer adherence to anti-HTN treatment in younger patients. 8, 15, 16 One explanation could be that older people tend to be more aware, more interested in health issues, Consequently, they might comply with a refill schedule for their anti-HTN treatments-the first step of a better adherence-at higher rates compared with a younger group and might also pay more attention to correctly take it. 17, 18 Higher adherence in the older population may also be explained by a closer proximity with health care providers, which is the case for those residing in health care setting or in nursing homes. 19 The relationship between sex and adherence is more controversial because of inconsistent conclusions between studies, as shown in the review from Jin et al. 19 In this review, eleven out of twenty-two studies suggested that female patients are more likely to have better adherence, four reported the inverse relationship, and seven found no association. 19 In a more recent study, male sex was found to be a significant predictor of nonadherence (adjusted OR = 1.12 [95% CI 1.07-1.17], P < 0.05). 15 Several studies reported a significant inverse association between adherence and the number of anti-HTN tablets. 8, 9, 17, 20, 21 In particular, in a review published in 2005, adherence did not seem to correlate with the number of drugs prescribed but decreased with the number of daily takes. 22 The suggested "fixed-dose" combinations could be more convenient and simpler to use than a free-drug Weighted percentages c P comparing adherence to nonadherence combination and therefore achieve better adherence. 23 Contrary to this body of evidence, several studies argue for an opposite relationship. For instance, Lagi et al reported that adherence increased with the number of anti-HTN tablets, from 47% with a one-drug treatment to 66% with a three-drug treatment. 24 However, this study suffers from poor statistical power and from a lack of adjustments on important confounding factors. Adherence was also high with high number of pills in two further studies 18, 25 but the recruitment of newly treated patients might explain their finding, as treatment duration negatively affects adherence. 26 Finally in a recent study, the number of anti-HTN drug classes taken once or more by the participants was positively associated with adherence (P < 0.0001). 15 However, adherence rate was low in this study (39.4% among hypertensive patients) which could explain this finding.
To our knowledge, our study is the first to explore specifically sex differences in the relationship between adherence and number of tablets.
Our original finding is the differing thresholds of number of anti-HTN tablets at which adherence drops in men and women.
Specifically, adherence decreased sharply when taking two or more antihypertensive tablets in men, whereas the decrease in women was only observed when taking three or more antihypertensive tablets. The fact that, compared to men, women remain adherent when taking two anti-HTN tablets is consistent with what is known regarding health behavior and health care seeking in this sex. Women have higher level of care seeking than men. They more often refer themselves to the GP and more often for issues related to prevention. 27 In Canada, women reported that they would visit a family physician in response to both physical and mental health concerns to a greater extent than did men. 28 This attitude of feeling more concerned and getting involved in the therapeutic process in agreement with the recommendations seems to be more developed among women and could partly explain their suggested better adherence compared to men. This sex difference may partly explain why French women present higher rate of controlled hypertension (66.5% of hypertensive women vs 44.9% of hypertensive men), 29 as well as a much lower frequency of hypertension-related cardiovascular events (36.4/100 000 strokes in women aged less than 65 years vs 66.0/100 000 strokes in men in 2014). 30 There may be a need for health care professionals to pay particular attention to the initiation of anti-HTN treatment comprising more than one daily take in men.
Our results suggest that histories of cardiovascular diseases (CVD) and of other chronic diseases are inversely associated with adherence in bothsexes. Similar to the association with anti-HTN tablets, we found that adherence decreased with increasing number of tablets taken for other metabolic problems, although there were no differing patterns between sexes for this parameter. Conversely, the number of concurrent medications was reported to be positively associated with adherence in another study. 25 However, our results are consistent with those from ODACE where the number of tablets or treatments other than the anti-HTN ones was associated with poorer adherence. 9 An interpretation of these findings is that adherence to anti-HTN treatments, and probably to other treatments, depends on the overall number of tablets prescribed to each patient. This point has important implications for the elderly patients who often present comorbidities and are consequently exposed to multiple treatments.
Estimations from a nationally representative sample of communitydwelling older adults 62 to 85 years old in United States suggest that 87% of patients used at least one prescription medication and 36%
regularly used five or more prescription medications at the same time. 31 The same study showed that in 2010-2011, 15% of older adults were at risk for a potential important drug interaction. 31 From our findings, it is unclear whether regular contacts with health care or absence of copayment could improve adherence since, after adjustment, there were no associations between these two parameters and adherence in our sample. One possible explanation is that people with higher contact and poorer adherence, as observed in bivariate analyses (Table 3) , are probably those with comorbidities and other treatments. A similar explanation could apply to the absence of association between copayment and adherence after adjustment. A related question that we could not explore with our data is whether home support, formal (carer) or informal (family or relative), influences adherence for older impaired patients. Further work based on prospective design would help elucidate these questions.
Results of our study should be interpreted as those from a cross-sectional study with self-declared adherence which despite limitations is often used in this field of research. 7 We also relied on self-reporting which has proved valid tools for ascertainment of CVD history and medication regimen in epidemiological investigations. 32, 33 A strength of our study is that it is based on a representative sample of the French population aged more than 55. We were also able to examine the level of adherence with respect to demographic variables and several clinical characteristics such as history of other cardiovascular or chronic diseases. Comparison of adherence studies' results is complex due to the variety of ascertainment methods. Thus, our use of the 6-item Girerd compliance test might hamper comparisons of absolute values of adherence with that of other studies. However, our finding of sex differences in adherence is based on relative comparison. It would be useful to check whether similar results apply when using other adherence measurement methods. Finally, our study does not allow to explore causes of nonadherence which may be linked to specific anti-HTN drug regimens and interactions between drugs. More detailed information on medications would be necessary in order to investigate such questions.
| PER S PEC TIVE S
This study indicates that adherence to anti-HTN treatment varies across sex both in terms of absolute level and in terms of its relationship with the number of tablets in a sample of older adults. An implication of our results is that reducing the number of anti-HTN tablets may improve the level of adherence, particularly in men and in patients with multiple comorbidities. Further research should confirm our results using other adherence measurement tools, explore whether our findings apply to other age groups or other populations, and investigate the effect of a switch from a two-drug treatment to a fixed-dose combination on adherence. Given the likely growth of the absolute number of hypertensive patients and the consequences of nonadherence, this question should receive sufficient attention.
